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© This rotor (10) comprises a plurality of perma- 
nent magnets (14) arranged at substantially equal 
intervals around a shaft (12), and a plurality of core 
members (16) which are also arranged around the 
shaft (12), between which the permanent magnets 
(14) are interposed in the circumferential direction, 
and which form magnetic poles. Nearly in the center 
of each core member (16), is made a rod through 
hole (20) which extends axially including the sym- 
metrical plane (S). Rod members (22) are inserted 
into the rod through holes (20). In the core members 
(16) further first through holes (24) are made be- 



tween the inner circumferential surface (16a) and the 
rod through holes (20), and extend in the axial direc- 
tion including the symmetrical planes (S); and sec- 
ond through holes (28) are made between the rod 
through holes (20) and the outer circumferential sur- 
face (16b), and extend in the axial direction including 
the symmetrical planes (S). The first and second 
through holes (24) and (28) for keeping the flux 
distribution of the main magnetic flux flowing through 
the core members (16) essentially in a symmetrical 
state with respect to the symmetrical plane (S). 
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TECHNICAL FIELD 

The present invention relates to a rotor for a 
synchronous motor, and more particularly to an 
improvement of a rotor for a synchronous motor 
which includes a plurality of permanent magnets 
arranged at generally equal intervals around a shaft 
and magnetized in a circumferential direction, and 
a plurality of core members arranged around the 
shaft so as to hold each magnet between the core 
members in the circumferential direction to form 
magnetic poles. 

BACKGROUND ART 

In a synchronous motor with a permanent-mag- 
net field system, a rotor which includes a plurality 
of permanent magnets arranged at generally equal 
intervals around a shaft, and a plurality of core 
members arranged around the shaft so as to hold 
each magnet between the core members in a cir- 
cumferential direction, has already been known. In 
this arrangement, the permanent magnets are mag- 
netized in a circumferential direction, whereby each 
of the core members forms a magnetic pole. In 
such a conventional rotor, each permanent magnet 
is generally brought into close contact with the side 
surface of each adjacent core member, and is 
generally fixedly supported in a radial direction by 
outer and inner hooking protrusions which are 
formed respectively at axial outer and inner periph- 
eries of side surface of each core member. On the 
other hand, each core member formed by gen- 
erally stacking a plurality of magnetic materials, 
such as silicone steel plates, includes an axially 
extending through hole at a generally center there- 
of. Rod members are inserted into respective 
through holes. Annular end plates are arranged in 
close contact with axial end surfaces of the perma- 
nent magnets and the core members. Each annular 
end plate is fixed to the shaft at a center hole 
thereof, and has openings arranged around the 
center hole and aligned with the through holes of 
the core members. The rod members pass through 
the openings of each end plate and are fixed to the 
end plate at the both ends of the rod members, the 
ends projecting from the axial end surfaces of the 
core members. In this manner, the permanent 
magnets and the core members are fixedly sup- 
ported in a rotor construction against an external 
force, such as a centrifugal force, through the end 
plates, the rod members, and the hooking protru- 
sions. 

The radially outer surfaces of the core mem- 
bers confront a stator core with a small gap there- 
between, and the main magnetic flux generated by 
the permanent magnets extends through the core 
members and the gap to the stator core. Ideally the 
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magnetic flux distribution in the gap established 
between the core members and the stator core 
draws a sine curve with apexes at centers of the 
radially outer surfaces of the respective core mem- 

5 bers. In this ideal condition, the torque fluctuation 
of the motor can be substantially eliminated. Con- 
sequently, this kind of rotor enables the distribution 
of the main magnetic flux in the gap to easily 
approximate the ideal sine curve, by shaping the 

70 radially outer surfaces of the core members into 
surfaces curved under given rules. 

The distribution curve of the main magnetic 
flux is, however, deviated from the predetermined 
optimum sine curve of the magnetic flux distribu- 

75 tion, due to an armature-reaction caused by a 
winding current which passes through a winding on 
a stator when the rotor rotates, whereby a torque 
ripple is generated in the motor. This is consider- 
able particularly when the winding has numbers of 

20 turns or the large current is passed through the 
winding. Figures 6 and 7 diagrammatically show a 
condition when the distribution of the main mag- 
netic flux is deviated due to the armature-reaction. 
As shown in Fig. 7, an armature-reaction magnetic 

25 flux F r generally has a phase difference of 90 • 
from a main magnetic flux F. Also, as shown in Fig. 
6, the core members C can easily constitute mag- 
netic paths of the armature-reaction magnetic flux 
F r ,so that the magnetic paths of the main magnetic 

30 flux F in the core members are deflected in a 
circumferential direction due to the armature-reac- 
tion magnetic flux F r ,whereby the deviation is caus- 
ed in the distribution curve of the main magnetic 
flux F. As shown in Fig. 7, the distribution of a 

35 magnetic flux composed of the main magnetic flux 
F and the armature-reaction magnetic flux F r is 
remarkably deviated from the main magnetic flux F. 
Further, when the main magnetic flux F is deflected 
in the circumferential direction due to the armature- 

40 reaction, a local magnetic saturation is caused in 
the core members C, whereby the peak torque of 
the motor is deteriorated. 

As mentioned above, the main magnetic flux, 
which should form symmetrical magnetic paths rel- 

45 ative to the symmetrical plane of the core member, 
the plane axially extending while involving a center 
axis, so as to obtain the magnetic flux distribution 
based on the ideal sine curve between the core 
member and the stator core, is deflected in the 

50 symmetrical form of the magnetic paths thereof 
due to, e.g., the armature-reaction, whereby the 
local magnetic saturation is caused in the core 
members. Such a resulting asymmetrical state of 
the magnetic paths may be caused by various 

55 factors other than the armature- reaction. The local 
magnetic saturation in the core members brings 
about problems wherein, e.g., the peak torque of 
the motor is deteriorated, the smooth rotation of the 

3 
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rotor is disturbed, the current control becomes de- 
stabilized, the heat generation is increased by the 
increase in iron loss. 

DISCLOSE OF THE INVENTION 

The object of the present invention is to pro- 
vide a rotor for a synchronous motor, which can 
prevent, at least partially, the distribution of the 
main magnetic flux in the core members from 
losing the symmetrical state due to, e.g., armature- 
reaction. 

To accomplish the above object, the present 
invention provides a rotor for a synchronous motor, 
comprising a shaft; a plurality of permanent mag- 
nets arranged at generally equal intervals around 
the shaft, and .magnetized in a circumferential di- 
rection; a plurality of core members arranged ar- 
ound the shaft while holding each of the permanent 
magnets therebetween, and traversed by a mag- 
netic flux due to the permanent magnets, so as to 
constitute magnetic poles; each core member be- 
ing provided with a substantially symmetrical plane 
extending while involving a center axis of the shaft, 
a rod insertion hole axially passing through the 
core member, and hole means separated from the 
rod insertion hole and axially passing through the 
core member along the symmetrical plane; a pair 
of end plate members arranged at both axial ends 
of the permanent magnets and the core members, 
and fixed to the shaft; and rod members respec- 
tively passing through the rod insertion hole of the 
core member in the axial direction, and connected 
to the end plates at both ends of the rod members. 

The hole means provided in the core member 
magnetically divides the core member into gen- 
erally symmetrical sections in relation to the sub- 
stantially symmetrical plane thereof. Therefore, the 
hole means can maintain the distribution of the 
main magnetic flux due to the permanent magnets 
passing through the core member in a substantially 
symmetrical state relative to the substantially sym- 
metrical plane. In this respect, the hole means is 
formed separately from the rod insertion hole, so 
that the rigidity of the rotor is not deteriorated, and 
the hole means does not open at any of the inner 
surface, outer surface, and side surfaces, so that 
the magnetic characteristics are not influenced. 

According to the preferred embodiment of the 
present invention, the hole means of the core 
member may include a through hole formed at a 
portion defined from a neighborhood of a radial 
inner surface of the core member confronting the 
shaft to a neighborhood of a radial outer surface of 
the core member, while involving the substantially 
symmetrical plane. Further, the rod insertion hole 
of the core member may be formed generally at a 
center of the core member while involving the 



substantially symmetrical plane, and the hole 
means may include a first through hole formed at a 
portion defined from a neighborhood of a radial 
inner surface of the core member confronting the 

5 shaft to a neighborhood of the rod insertion hole, 
while involving the substantially symmetrical plane, 
and a second through hole formed at a portion 
defined from a neighborhood of the rod insertion 
hole to a neighborhood of a radial outer surface of 

io the core member, while involving the substantially 
symmetrical plane. 

According to another embodiment, the hole 
means of the core member may include a plurality 
of through holes formed at portions defined from a 

75 neighborhood of side surfaces of the core member, 
the surfaces being in contact with the permanent 
magnets, to a neighborhood of a radial outer sur- 
face of the core member, while asymptotically ex- 
tending and being symmetrically arranged in rela- 

20 tion to the substantially symmetrical plane. Further, 
the rod insertion hole of the core member may be 
formed generally at a center of the core member 
while involving the substantially symmetrical plane, 
and the hole means may include a first through 

25 hole formed at a portion defined from a neighbor- 
hood of a radial inner surface of the core member 
confronting the shaft to a neighborhood of the rod 
insertion hole, while involving the substantially 
symmetrical plane, and a plurality of second 

30 through holes formed at portions defined from a 
neighborhood of side surfaces of the core member, 
the surfaces being in contact with the permanent 
magnets, to a neighborhood of a radial outer sur- 
face of the core member, while asymptotically ex- 

35 tending and being symmetrically arranged in rela- 
tion to the substantially symmetrical plane. 

BRIEF DESCRIPTION OF THE DRAWINGS 

40 The foregoing and the other objects, features, 

and advantages of the present invention will be 
described with relation to the embodiments shown 
in the accompanying drawings, in which; 

Fig. 1 is a side view of a rotor for a synchronous 
45 motor, according to the first embodiment of the 
present invention; 

Fig. 2 is a sectional view taken along line l-l of 
Fig. 1; 

Fig. 3 is a partly enlarged sectional view of the 
so rotor shown in Fig. 1, for illustrating the distribu- 
tion of a magnetic flux obtained in a stator core 
and core members; 

Fig. 4 is a sectional view of a rotor for a syn- 
chronous motor, according to the second em- 
55 bodiment of the present invention; 

Fig. 5 is a partly enlarged sectional view of the 
rotor shown in Fig. 3, for illustrating the distribu- 
tion of a magnetic flux obtained in a stator core 
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and core members; 

Fig. 6 is a partly enlarged sectional view of a 
rotor for a conventional synchronous motor, for 
illustrating the distribution of a magnetic flux 
obtained in a stator core and core members; 
and 

Fig. 7 is a wave form chart illustrating the dis- 
tribution of a magnetic flux obtained in a stator 
core and core members of a rotor for a conven- 
tional synchronous motor. 

BEST MODE OF CARRYING OUT THE INVEN- 
TION 

Referring to the drawings, Figs. 1 and 2 show a 
rotor 10 for a synchronous motor according to the 
first embodiment of the present invention. The rotor 
10 includes a shaft 12, a plurality (eight, in the 
illustrated embodiment) of permanent magnets 14 
with a generally rectangular section, which are ar- 
ranged at generally equal intervals around the shaft 
12, and a plurality (eight, in the illustrated embodi- 
ment) of core members 16 with a generally secto- 
rial section, which are arranged around the shaft 12 
while holding each permanent magnet 14 there- 
between in a circumferential direction. In this ar- 
rangement, the permanent magnets 14 are alter- 
nately magnetized in a circumferential direction, 
whereby each core member 16 constitutes mag- 
netic pole in the rotor 10. The permanent magnets 
14 may be formed as continuous bodies which 
axially extend in the substantial entire length of the. 
core members 16. The core members 16 may be 
formed by axially stacking magnetic materials, 
such as silicon-steel plates. 

Annular end plates 18 are arranged at both 
axial ends of the permanent magnets 14 and the 
core members 16. Each end plate 18 is fixed to the 
shaft 12 by, e.g., a shrink-fitting process. Each core 
member 16 has a substantially symmetrical plane 
S axially extending while involving a center axis O 
of the shaft 12, and is provided with a rod insertion 
hole 20 axially extending while involving the sub- 
stantially symmetrical plane S at the generally cen- 
ter of the core member. A rod member 22 is 
inserted into each rod insertion hole 20. Each rod 
member 22 is fixed to the end plates 18 at both 
ends thereof projecting from the both axial ends of 
the core member 16. 

Each core member 16 is further provided with 
a first through hole 24 formed at a portion defined 
from the neighborhood of a radial inner surface 16a 
confronting the shaft 12 to the neighborhood of the 
rod insertion hole 20; the first through hole axially 
passing while involving the substantially symmetri- 
cal plane S, and a second through hole 28 formed 
at a portion defined from the neighborhood of the 
rod insertion hole 20 to the neighborhood of. the 
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radial outer surface 16b confronting the stator core 
26 (see Fig. 3); the second through hole axially 
passing while involving the substantially symmetri- 
cal plane S. The first and the second through holes 

5 24, 28 form air gaps, to impede the magnetic flux, 
along the substantially symmetrical plane S of the 
core member 16, whereby it becomes possible to 
prevent or inhibit the distribution of the main mag- 
netic flux F (see Fig. 3) due to the permanent 

w magnet 14, passing through the core member 16, 
from losing the symmetrical state relative to the 
substantially symmetrical plane S. Also, the first 
and the second through holes 24, 28 are provided 
at positions which do not interrupt the magnetic 

75 path of the main magnetic flux F. Such a function 
of the first and the second through holes 24, 28 will 
be described, by way of example, as a function 
against the deviation of the main magnetic flux F 
due to the armature-reaction, with reference to Fig. 

20 3. 

As shown in Fig. 3, when a current is passed 
through a winding 30 (only one coil thereof is 
shown) provided on the stator core 26 of the syn- 
chronous motor 10, an armature-reaction magnetic 

25 flux F r is caused as illustrated. The distribution of 
the armature-reaction magnetic flux F r has a phase 
difference of 90° in relation to the distribution of 
the main magnetic flux F. In the prior art, due to 
the armature-reaction magnetic flux F r passing 

30 through the core member 16, particularly when the 
current is large, the main magnetic flux F is de- 
viated in the circumferential direction so as to 
cause the local magnetic saturation as shown in 
Fig. 6, which results in the above-mentioned prob- 

35 lems caused by the asymmetrical state of the 
magnetic flux distribution. According to the present 
invention, in the first embodiment shown in Fig. 3, 
the second through hole 28 interrupts the formation 
of the magnetic path of the armature-reaction mag- 

40 netic flux F r , and the first and the second through 
holes 24, 28 prevent the deflection of the main 
magnetic flux F in the circumferential direction, 
whereby the magnetic flux distribution is inhibited 
from losing the symmetrical state in relation to the 

45 symmetrical plane S. Consequently, the local mag- 
netic saturation in the core member 16 can be 
relieved, and thus the above-mentioned problems 
can be solved. 

Fig. 4 shows a rotor 32 for a synchronous 

so motor, according to the second embodiment of the 
present invention. The components thereof same 
as or similar to those of the first embodiment is 
indicated by the same reference numerals. The 
rotor 32 includes, in the same way as the rotor 10 

55 of the first embodiment, a shaft 12, a plurality of 
permanent magnets 14 arranged at generally equal 
intervals around the shaft 12, and a plurality of core 
members 34 arranged around the shaft 12 while 

5 
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holding each permanent magnet 14 therebetween 
in a circumferential direction. The core members 
34 are formed as laminated bodies of magnetic 
materials, such as silicon-steel plates, and are tra- 
versed by the main magnetic flux of the permanent 
magnets 14, so as to constitute magnetic poles in 
the rotor 32. Each core member 34 is provided 
with a rod insertion hole 36 axially extending while 
involving a substantially symmetrical plane S at the 
generally center of the core member. A rod mem- 
ber 22 is inserted into each rod insertion hole 36. 
Each rod member 22 is fixed to end plates 18 at 
both ends thereof, in the same way as that of the 
rotor 10. 

Each core member 34 is further provided with 
a first through hole 38 formed at a portion defined 
from the neighborhood of a radial inner surface 34a 
confronting the shaft 12 to the neighborhood of the 
rod insertion hole 36; the first through hole axially 
passing through the core member so as to involve 
the substantially symmetrical plane S, and a pair of 
second through holes 40 formed at portions de- 
fined from the neighborhood of the side surfaces 
34c being in contact with the permanent magnets 
14 to the neighborhood of the radia! outer surface 
34b confronting the stator core 26 (see Fig. 5) in an 
asymptotically curved manner relative to the sub- 
stantially symmetrical plane S; the second through 
holes axially passing through the core member so 
as to be symmetrically arranged in relation to the 
substantially symmetrical plane S. The first and the 
second through holes 38, 40 act in the same man- 
ner as the first and the second through holes 24, 
28 of the first embodiment, and thus inhibit the 
distribution of the main magnetic flux F (see Fig. 5) 
due to the permanent magnet 14, passing through 
the core member 34, from losing a symmetrical 
state relative to the substantially symmetrical plane 
S. 

As shown in Fig. 5, an armature-reaction mag- 
netic flux F r , caused when a current is passed 
through a winding 30 provided on the stator core 
26, is prevented from forming the magnetic path 
thereof by the second through holes 40 of the core 
member 34. At the same time, the first and the 
second through holes 38, 40 prevent the deflection 
of the main magnetic flux F in the circumferential 
direction, whereby the magnetic flux distribution is 
inhibited from losing the symmetrical state in rela- 
tion to the symmetrical plane S. Consequently, in 
the same way as the first embodiment, the de- 
viation in the distribution of the main magnetic flux 
F due to the armature-reaction magnetic flux F r can 
be reduced, and the local magnetic saturation in 
the core member 34 can be relieved. Further, in 
the rotor 32, the second through holes 40 are 
formed along the ideal magnetic path of the main 
magnetic flux F at two positions crossing the mag- 



netic path of the armature-reaction magnetic flux 
F r . Therefore, the second through holes can more 
efficiently inhibit the distribution of the main mag- 
netic flux F from losing the symmetrical state due 
5 to the armature-reaction magnetic flux F r , without 
interrupting the magnetic path of the main mag- 
netic flux. 

In the above embodiments, the first through 
holes 24, 38 and the second through holes 28, 40 

w are formed separately from the rod insertion holes 
20, 36 for the rod members 22, with no connection 
therebetween. Therefore, the functions of the rod 
members 22, for fastening the laminated structure 
of the core members 16, 34, or for supporting the 

is core members against a centrifugal force, are not 
influenced by the through holes, whereby the rigid- 
ity of the rotor 10, 32 can be maintained. Also, the 
second through holes 28, 40 of the embodiments 
do not reach the outer surfaces 16a, 34a of the 

20 core members 16, 34. Therefore, the magnetic flux 
distribution obtained in the gap from the stator core 
26 is not subjected to the disturbance due to the 
discontinuity of the outer surfaces 16a, 34a, and 
thus the rotor 10, 32 can smoothly rotate. More- 

25 over, the second through holes 40 of the second 
embodiment do not reach the side surfaces 34c 
being in contact with the permanent magnets 14, 
so that the total volume of the main magnetic flux 
is not reduced. 

30 Further, in the above embodiments, the rod 

members 22 are made of general materials, such 
as a carbon steel, but instead, the rod members 22 
may be made of non-magnetic materials, such as a 
stainless steel. In this case, the rod members 22 

35 located on the substantially symmetrical plane S 
do not allow the magnetic flux passing thereth- 
rough, similar to the through holes. Therefore, the 
distribution of the main magnetic flux F passing 
through the core members 16, 34 can be more 

40 efficiently inhibited from losing the symmetrical 
state relative to the substantially symmetrical plane 
S.. 

[Industrial Applicability] 

45 

As clear from the above description, according 
to the present invention, the core members of a 
rotor for a synchronous motor are provided with 
hole means, each axially passing therethrough sep- 

50 arately from rod insertion holes along a substan- 
tially symmetrical plane involving a center axis, so 
that the distribution of a main magnetic flux due to 
permanent magnets, passing through the core 
members toward the stator core, can be maintained 

55 in a symmetrical state relative to the substantially 
symmetrical planes. Consequently, the distribution 
of the main magnetic flux can be prevented or 
inhibited from losing its symmetrical state in the 
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core members due to, e.g., an armature-reaction 
magnetic flux. Accordingly, in a synchronous motor 
using the rotor of the present invention, the prob- 
lems wherein a peak torque is reduced by a local 
magnetic saturation in the core members of the 
rotor, the smooth rotation of the rotor is disturbed, 
a current control becomes destabilized, or a heat 
generation is increased by the increase of an iron 
loss, can be effectively prevented or inhibited, 
whereby the output characteristics of the motor can 
be considerably improved. 
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Claims 





A rotor for a synchronous motor, comprising: 
a shaft; 

a plurality of permanent magnets arranged 
at generally equal intervals around said shaft, 
and magnetized in a circumferential direction; 

a plurality of core members arranged ar- 
ound said shaft while holding each of said 
permanent magnets therebetween, and passed 
by a magnetic flux due to said permanent 
magnets, so as to constitute magnetic poles; 
each core member being provided with a sub- 
stantially symmetrical plane extending while 
involving a center axis of said shaft, a rod 
insertion hole axially passing through the core 
member, and hole means separated from said 
rod insertion hole and axially passing through 
the core member along said symmetrical 
plane; 

a pair of end plate members arranged at 
both axial ends of said permanent magnets 
and said core members, and fixed to said 
shaft; and 

rod members respectively passing through 
said rod insertion hole of said core member in 
the axial direction, and connected to said end 
plates at both ends of the rod members. 



2. A rotor for a synchronous motor as set forth in 
claim 1, wherein said hole means of said core 
member includes a through hole formed at a 
portion defined from a neighborhood of a radial 
5 inner surface of said core member confronting 

said shaft to a neighborhood of a radial outer 
surface of said core member, while involving 
said substantially symmetrical plane. 

io 3. A rotor for a synchronous motor as set forth in 
claim 1, wherein said rod insertion hole of said 
core member is formed generally at a center 
of said core member while involving said sub- 
stantially symmetrical plane, and wherein said 

75 hole means includes a first through hole 

formed at a portion defined from a neighbor- 
hood of a radial inner surface of said core 
member confronting said shaft to a neighbor- 
hood of said rod insertion hole, while involving 

20 said substantially symmetrical plane, and a 

second through hole formed at a portion de- 
fined from a neighborhood of said rod insertion 
hole to a neighborhood of a radial outer sur- 
face of said core member, while involving said 

25 substantially symmetrical plane. 

4. A rotor for a synchronous motor as set forth in 
claim 3, wherein said rod members are made 
of non-magnetic materials. 

30 

5. A rotor for a synchronous motor as set forth in 
claim 1 , wherein said hole means of said core 
member includes a plurality of through holes 
formed at portions defined from a neighbor- 

35 hood of side surfaces of said core member, 

the surfaces being in contact with said perma- 
nent magnets, to a neighborhood of a radial 
outer surface of said core member, while as- 
ymptotically extending and being symmetri- 

40 cally arranged in relation to said substantially 

symmetrical plane. 

6. A rotor for a synchronous motor as set forth in 
claim 1 , wherein said rod insertion hole of said 

45 core member is formed generally at a center 

of said core member while involving said sub- 
stantially symmetrical plane, and wherein said 
hole means includes a first through hole 
formed at a portion defined from a neighbor- 
so hood of a radial inner surface of said core 
member confronting said shaft to a neighbor- 
hood of said rod insertion hole, while involving 
said substantially symmetrical plane, and a 
plurality of second through holes formed at 
55 portions defined from a neighborhood of side 
surfaces of said core member, the surfaces 
being in contact with said permanent magnets, 
to a neighborhood of a radial outer surface of 
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said core member, while asymptotically ex- 
tending and being symmetrically arranged in 
relation to said substantially symmetrical plane. 

7. A rotor for a synchronous motor as set forth in 5 
claim 6, wherein said rod members are made 
of non-magnetic materials. 

w 
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